Introduction
Fatigue in response to exercise training may be related to varying abnormalities including neurological and non-neurological causes (3, 39, 50) . Exercise induced muscle fatigue occurred as a result of peripheral muscle contractility during work over time (18, 35) . Exercise protocols of short and longer duration have been applied to measure muscle fatigue tasks. The large diversity in the nature of these exercises, such as variations in duration, intensity and stimulation frequency, is likely to result in different kinds of muscle fatigue (33, 40, 52, 54) . Regular physical exercise with varying intensities can induce diseases, acute inflammation, injuries and chronic muscle fatigue as a result of overtraining syndrome, related to partial toxicity of free radicals produced during physical exercise (9, 34) . Recently, the effect of different exercise interventions on the level of disability and endurance of back muscles, and type 2 diabetes mellitus have been investigated (22, 53) .
The occurrence and extent of such exercise induced muscle injury is routinely assessed from increased blood levels of muscle proteins and enzymes, as this provides the simplest way of studying the effects of exercise on muscles. The proteins usually measured are creatine kinase (CK), hydroxyproline (hyp), troponin I along with lactic acid dehydrogenase (LDH) activity, generally allow earlier detection of muscle injury as well as supporting the theory of muscle soreness (37, 38, 41, 45, 47, 56) . In previous research reports, it was reported that during competition, most athletes used to take traditional oral nonsteroidal antiinflammatory drugs (NSAIDs) to conquer or ameliorate muscle pain during race (17, 20) . Based on the harmful side effects exerted by synthetic drugs, there is a high tendency of individuals to use herbal medicines to minimize hazardous effects. Sumac plant as herbal alternative medicine contains antioxidants, flavonoids and hydrolyzable tannins which have antioxidant and anti-inflammatory properties compared to other plants such as blueberry and Tart cherries (5, 11, 24, 36, 43, 58) . So, it is possible that the use of sumac as herbal antioxidant remedy before and during vigorous exercise training might have a protective effect against muscle fatigue, pain and damage (32) .
The mechanism by which sumac juice supplementation may reduce exercise-induced muscle damage is not well understood. So, the purpose of this study was to assess the effects of sumac juice drink on muscle pain and fatigue biomarkers among healthy subjects participated in controlled training program for 4 weeks.
Materials and Methods

Subjects
Forty healthy students were invited to participate in a randomized, placebo-controlled study. Their age ranged between 15 and 25 years. During the study period, all volunteers were stopped from their normal physical activity (recreational) or any specific training programs. All participants were non-smokers and had no history of abnormal alcohol intake. All subjects with body mass index (BMI) more than 25 kg/m 2 , and subjects with ischemic heart disease, or with severe orthopedic problems had been excluded from participating in this study. Body fat of each participant was measured using bioelectrical impedance analysis based body composition analyzer (TBF 105, Tanita Corporation, Tokyo, Japan). Subjects were informed with the risks and benefits of the study before participation. Prior to the experiment, a written informed consent was obtained from each participant and a medical check-up was performed to ensure that they were fit, healthy and had no physical limitations. Dietary information of each participant was obtained from food diaries or by extensive dietary interviews and significantly referred according to reference dietary intakes (RDIs) for physically active people (2, 33) . All participants were instructed not to change their normal eating habits during the entire period of data collection and to record accurately the amount, type of food and fluid consumed. During the exercise program, the participants were prevented from any antioxidant containing diets to avoid cross contamination that may interfere with the data of the proposed study. Participants' data with possible cross contamination of sumac or placebo drinks were excluded from this study. The experiment was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki, and was reviewed and approved by the ethical committee of Rehabilitation Research Chair (RRC), King Saud University, Riyadh, Kingdom of Saudi Arabia. The participants were classified into two groups according to the exercise test with or without sumac juice supplementation as shown in Table I .
Preparation of sumac juice Rhus coriaria L. fruit (sumac) used in this study was obtained from the local spice shop (Othaim Markets) in Riyadh, Saudi Arabia. A total of 750 g of sumac fruits was soaked overnight in cold water (1 l), then the fruits were mashed, squeezed several times using hands or masher, and left for 30 min in water. Actually, more sumac juices will release into the water. Afterward, cheesecloth (old cloth napkin) was used to separate solid parts of sumac leaving a clear, red or brown color juice. Finally, the flavored beverage of sumac juice was then pasteurized and bottled into drinking bottles of 300 ml. The concentration of the sumac extract in each bottle is equal to 75 mg/100 ml (225 mg/300 ml) of the juice. Following the procedure used, the juice was preserved under cooling conditions until reused. Each sumac bottle contains a total of 580 mg of phenolic compounds and 80 mg of anthocyanins expressed as gallic acid and cyanidin-3-glucoside equivalents measured by the methods of Singleton and Rossi (51) and Giusti and Wrolstad (15) , respectively. Finally, the diet participants were supplemented with sumac juice in bottles (300 ml) twice daily for 7 days/week.
Placebo
According to the instructions of the manufacturer, the placebo drink was prepared as previously reported (25) , about 2 g/l of unsweetened fruit punch soft drink (Kraft Corporation, Rye Brook, NY, USA; ingredients listed: citric acid, salt, calcium phosphate, red 40, artificial flavor, ascorbic acid and blue 1) was dissolved in fresh water.
Exercise training protocol
Participants were involved in supervised aerobic exercise program using treadmill. The program involved aerobic exercise for 45-60 min seven sessions per week, for 4 weeks. The program was designed in the form of circuit interval training mode. The training intensity of Values are presented as mean ± SD. No differences were detected between groups for any of the parameters listed (p > 0.05). BMI, body mass index each individual was calculated as training heart rate of 65-75% for moderate intensity according to Karvonen's formula (24) .
Assessment of visual analog scale (VAS)
A standard VAS of 100 mm score was used to evaluate the intensity of the pain among the participants of this study. The assessment of pain scores depends on the validity and reliability of the scale to chronic and acute pains as previously reported in literature (2, 57) . Each participant completed the VAS pain scale before exercise (Pre), during exercise (after 2 weeks) and post exercise (after 4 weeks). Also, the level of conviction of individuals in the ability of sumac drinks to relief pain as well as their tendency to use this drink in future were evaluated using short questionnaire and Likert scale as mentioned previously (27) .
Studies of the in vitro antioxidant activity
Sumac extract was dissolved in methanol and the antioxidant activity was measured at different concentrations (10, 50, 100, 500 and 1,000 μg/ml) using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging and β-carotene-linoleic acid assays as previously reported (4, 29) . The antioxidant activity of the sumac extract depends on radical scavenging ability of the sumac extract against DPPH and β-carotene-linoleic acid. For DPPH and β-carotene-linoleic acid reagents, the change in color of DPPH radical and β-carotenelinoleic acid due to the addition of sumac extracts results from electron transfer mechanism. The change in color of these reagents was measured colorimetrically at λ = 517 nm for DPPH, and at 470 nm with 15 min intervals for β-carotene-linoleic acid. Both ascorbic acid and rutin (1 mg/ml) were used as a standard for antioxidant activity. The radical scavenging activity and antioxidant activity were calculated from the following equations:
% radical scavenging activity = Abs control − Abs sample Abs control × 100
where Abs 0 and Abs Ã 0 are the absorbance values measured at 0 time of incubation for sample extract and control, respectively. Abs t and Abs Ã t are the absorbance values for sample extract and control, respectively, at t = 120 min.
Laboratory analyses
Blood samples were collected before (Pre), during (D) and post exercise (PE) every day after each exercise into sterilized tubes. The freshly withdrawn blood was immediately centrifuged at 3,000 rpm for 10 min and aliquots of serum samples were separated into cryo tubes, and given a coded study identification number. Serum CK activity was assayed without delay and the rest serum samples were shipped frozen for later analysis of LDH, troponin I and hyp.
CK and LDH activities Serum CK was measured by a standardized commercially available enzymatic assay (Granutest 15, Merck, Darmstadt, Germany), and LDH activity was measured by UV method, provided with Randox Laboratories, Antrim, UK.
Troponin I and Hyp assay Serum troponin I concentration was measured by enzymatic immunoassay technique (EIA) using a sandwich human ELISA kit (Biovendor Research and Diagnostic Co, Cat. No.: RLF-EK0128R, LLC, Asheville, NC 28806, USA). Serum hydroxyproline was measured using commercially available colorimetric assay kit (Catalog #K555-100; BioVision Incorporated, Milpitas, CA, USA). The assay was performed according to manufacturer's instructions.
Total antioxidant capacity (TAC)
where Sa is the sample amount (in nmol) read from the standard curve and Sv is the undiluted sample volume added to the wells.
Statistical analysis
A package of SPSS version 16 for windows (SPSS, Chicago, IL, USA) was used for statistical analysis. The data obtained were expressed as mean ± standard deviation. VAS pain scores, conviction and tendency to use the drink again were analyzed using [3 (time) × 2 (drink)] mixed-effects regression and independent samples t-tests, respectively. The change in the variables of muscle fatigue was analyzed using one-way ANOVA followed by post hoc test (Tukey test). The data were statistically significant at p < 0.05.
Results
Of the 40 participants enrolled in this study, only 20 participants were assigned sumac juice (twice/day) and 20 were assigned the placebo drink. All subjects performed a regular exercise training for 7 days per week for 1 month. No difference was detected between groups for any of the outcomes listed (p > 0.05) ( Table I) .
Daily nutrient intake showed variation in total calorie, macronutrient and micronutrient intakes of both placebo and sumac groups. However, these parameters are situated in the recommended interval of RDIs as shown in Table II . Also, it showed no effect on the data of muscle fatigue markers in baseline period (pre-exercise test period) (Table VI) .
Free radical scavenging and antioxidant activity of sumac extract The antioxidant activity of the sumac was investigated in vitro and evaluated according to the inhibition of linoleic acid oxidation and DPPH radical scavenging activity. Sumac extract proved to have a radical scavenging activity of 68.7% and 87.9% particularly at the highest concentrations of 500 and 1,000 μg/ml, respectively. Also, the same extract had an antioxidant activity with a mean value of 68.7% regarding to the β-carotene bleaching rate of sumac extract (Table III) .
In the same manner, participants whose diet was supplemented with sumac juice along with exercise showed significant increase in the TAC compared to the placebo exercised group during-and post-exercise training periods (Fig. 1) . Pain (VAS) of participants at pre-, during-and post-exercise Participants of both sumac and placebo groups showed no change or difference in the mean VAS scores (p = 0.42) at pre-exercise period (0 week). At the same time, more pain scores were reported in both sumac and placebo groups during the exercise test (2 weeks) and after completing the exercise interventions (4 weeks). However, participants treated with sumac juice for 4 weeks showed significant decrease in pain scores during exercise (p < 0.05) and after completing exercise test (post-exercise; p < 0.001) compared to those who received placebo drink (Table IV) .
Participant satisfaction
As shown in Table V , participants who received sumac juice supplements reported a higher tendency to use the drink again (p < 0.001), a higher overall conviction of the drink (p < 0.001) and a higher conviction in the pain reduction they attributed to the drink (p < 0.001).
Muscle fatigue biomarkers
There were significant differences (p < 0.05) in muscle fatigue biomarkers among blood samples of placebo and sumac juice groups, being elevated at D and PE vs. Pre values in the . Also, the LDH activity was significantly decreased (p < 0.05) in the sumac group at D and PE (32.4 ± 5.2 and 25.7 ± 4.6 IU/L, respectively) vs. D and PE of the placebo group (45.9 ± 9.6 and 58.3 ± 10.3 IU/L, respectively). Whereas, troponin I concentrations were significantly decreased (p < 0.05) in the sumac group at D and PE (0.56 ± 0.23 and 0.38 ± 0.21 ng/ml, respectively) vs. D and PE of the placebo group (1.17 ± 0.69 and 1.9 ± 0.9 ng/ml, respectively). Hyp values, shown in Table VI , were decreased (p < 0.05) in the sumac group at D and PE (0.68 ± 0.25 and 0.51 ± 0.19 ng/ml, respectively) vs. D and PE of the placebo group (2.5 ± 0.62 and 3.9 ± 0.98 ng/ml, respectively).
Discussion
Regular physical activity associated with a balanced diet is known as an important factor for health. However, exhaustive and/or intense physical activity can induce diseases, acute inflammation, injuries and chronic fatigue (7, 9, 44) , and that the excessive muscle-skeletal stress associated with intensive physical exercise is a response to overtraining, inducing acute local inflammation (15) . It is expected, therefore, that training exercise programs will experience inflammation and pain as result of free radicals production (16) . The main target of this study was the specific effect of sumac juice drink on muscle indices and physical muscle performance during an acute, intense exercise for 4 weeks. Therefore, the identification of common dietary substances of natural plant origin capable of affording beneficial protection or modulating muscle fatigue may have important health implications (59) . In this study before studying the improvement activity of sumac juice on muscle fatigue, free radical scavenging and antioxidant activities of sumac extracts were estimated.
In this study, sumac showed a considerable antioxidative activity when it was subjected to in vitro antioxidant analysis using both DPPH and β-carotene tests. The data obtained suggest that the antioxidant activity of sumac extract against free radical oxidative stress and lipid peroxidation mechanisms may be related to the presence of tocopherols and other unknown antioxidant components as well as unsaturated fatty acids (5, 24, 36) . Previously, it was reported that overtraining syndrome produces diseases, acute inflammation, injuries and chronic muscle fatigue via oxidative free radical mechanism which may produce a partial toxicity during exercise programs of varying intensities (9, 34, 38, 42) .
In the current study, more pain was reported in the participants of both sumac and placebo treated groups following exercise interventions for 4 weeks. However, in participants treated with sumac juice twice daily for 4 weeks, significant decrease in pain score was reported compared to that of the placebo group. The reduction in pain scores in the sumac treated group supports that sumac may have a potential protective role against acute muscle pain exerted following exhausted exercise programs.
Previous studies reported that oxidative tissue damage is considered one of the most important factors of acute muscle injury with subsequent release of pain scores. Whereas the oxidative tissue damage activates muscle tissues for the inflammatory response and excessive production of oxidative free radicals which increase secondary muscle soreness (19, 28) . So, nutritional antioxidants of plant origin have been suggested as an alternative treating strategy for ameliorating muscle pain and soreness following exercise or exhausted overtraining (8) .
Previously, it was reported that sumac contains antioxidants, flavonoids and hydrolyzable tannins which have anticancer, anti-tumor and hypoglycemic properties (5, 24, 36) . Therefore, the reduction in pain score among participants treated with sumac juice may be due to the antioxidant effects of anthocyanins of such plants, through inhibition of nitrite peroxide and isoform of nitric oxide synthase (iNOS) that leads to oxidative damage produced by different cell cytokines during inflammatory stress (10, 13) . Most studies reported the release of intramuscular enzymes into blood and its significance as pivotal indicators for skeletal muscle damage (10, 38) , especially the occurrence of enzyme efflux in response to overtraining as in unusual eccentric work or long duration strenuous exercise (38, 42, 60, 61) .
Also, it has been thought that higher tension may produce a considerable mechanical damage to the muscle fibrils which in turn allows the efflux of enzymes such as CK and LDH into the blood. These enzymes are considered as good markers for skeletal muscle damage (6, 42) .
In our study, a significant decrease (enhancement) was reported in the levels of both CK and LDH in participants who receive sumac juice supplementation twice daily for 4 weeks compared to the placebo group which showed significant increase in skeletal muscle enzymes during exercise and in post-exercise intervals. The improvement in skeletal muscle enzymes may be related to natural antioxidants' presence in sumac juice (24) . Consumption of about 225 mg sumac extract/300 ml sumac juice per day provides significant reduction in the levels of the circulated inflammatory markers of healthy subjects. The data obtained matched with other researchers' results who reported a decrement in serum inflammatory markers including C reactive protein (CRP) by 25% after 28 days (8, 14, 19, 21, 23, 26) . The potential of skeletal troponin I and hyp as markers of muscle injury may be useful for assessing the effects of intense exercise for soft tissue injuries (31, 48, 51, 55) . So, in our study, troponin I and hyp values were measured in the serum of placebo and sumac groups' pre, during and post-exercise test. The data obtained showed a significant increase in the placebo group compared to the sumac group which showed a significant enhancement in the levels of troponin I and hyp.
Most of the studies have shown that normal physical activity, basketball training and a treadmill exercise training test can also lead to a troponin and hyp rise in healthy individuals.
The presence of hydroxyproline amino acids and troponin I in the serum is the result of collagen fiber degradation either by overuse or strained muscle damage (30, 45, 46, 49, 51) . However, in sumac juice group, the data obtained indicated that treatment with sumac juice could enhance protein collagen and troponin I levels in skeletal muscle. This may be related to the antioxidant and anti-inflammatory activity of sumac phenolic constituents (24, 36) .
In our study, a significant increase (enhancement) in the TAC in the sumac juice group receiving the juice twice a day for 30 days compared to the placebo group which showed significant reduction in TAC activity. This may be related to the antioxidant and free radical scavenging activity of sumac constituents which protect the body against the harmful effects of free radicals produced from exercise (24, 27) . Although the VAS has consistent and welldefined clinically meaningful thresholds in the assessment of acute levels of pain (12, 25, 27, 42) , the only methodological limitation of our study was the subjective assessment of pain scores by VAS.
In conclusion, the data obtained showed that administration of sumac juice for 30 days induced a significant reduction in muscle fatigue and pain, and enhanced muscle performance among healthy subjects following vigorous exercise interventions. Also, the data showed significant enhancement in the level of serum biomarkers; CK, LDH, troponin I and hyp which indicates a beneficial effect of oral administration of sumac juice on muscle performance among athletes. Further research is needed to examine the mechanism by which the sumac can improve collagen fiber degradation.
